Involvement of microbial components and toll-like receptors 2 and 4 in cytokine responses to air pollution particles.
Inhalation of particulate matter (PM) may result in exacerbation of inflammatory airways disease, including asthma. Results from this laboratory have shown that the coarse inhalable particle fraction (PM(2.5-10)) is responsible for most of the PM effects on human airway macrophages (AM), including induction of cytokine production. Endotoxins associated with these particles account for a large part of their potency, as activity of PM can be inhibited by polymixin B and an activating moiety bound by lipopolysaccharide (LPS)-binding protein (LBP). The hypothesis behind the present study was that not only particle-bound LPS, but also Gram-negative (Gram-) and Gram-positive (Gram+) bacteria are responsible for PM-induced stimulation of AM, and therefore that PM are likely to activate receptors involved in recognition of microbes. Low level contamination of model pollution particles with environmental Staphyloccocus, Streptococcus, and Pseudomonas species was found to confer cytokine-inducing activity on inactive particles. Only one Gram- bacterium was sufficient for significant stimulatation of 100 AM, whereas at least three times more Gram+ bacteria were required for a similar level of response. Cytokine responses induced by PM as well as Gram+ and Gram- bacteria were inhibited by anti-CD14 antibody and required the presence of LBP-containing serum. The involvement of Toll-like receptor (TLR) 2 and 4 in recognition of PM(2.5-10) was investigated in transfected Chinese hamster ovary cells expressing CD14 and TLR2 or TLR4. TLR4 was found to be involved in PM(2.5-10) and Pseudomonas-induced activation, whereas TLR2 activation was induced by both Gram+ and Gram- bacteria and by PM. The synthetic lipid A analog E5531 fully inhibited the response to purified LPS and partially inhibited the response to PM and Pseudomonas. In contrast, E5531 had no effect on the response to Staphylococcus. Taken together, these results implicate microbial components as important players in AM-dependent inflammatory responses to PM.